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Max-Planck-Institut fiir Plasmaphysik W
Abteilung Oberflachenphysik

Deconvolution

V. Dose, W. von der Linden, R. Fischer
M. Donath, M. Mayer

1. Apparatus function exact

2. Apparatus function as a result of a
measurement




Deconvolution

measurement
apparatus function
spectral function
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special caSe N=M:
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Bayesian solution

(ng,) = o7, (ng,) =0

) ) : r _Di_ Af ._12\
p(D|A,f,&',I)={H .;%}expﬁ—-;-z (2 ). >

. Fl1 o
p(f|D,A,a,I)=p(gl(£l’;I) (DA, f,3,1)

p(fla, I) = exp {aS(f)} /Zs

S(f) = Z [fk — my — frIn(=— )]

evidence approxnmatlon

p(olD, A7) =p(alD) -~ (D12, 2,0,

p(ﬁ|A,a)
p(oBe) = HA [3(5 g0
_ p(all') 7
= ;A /pf D|Af,aI) df



inverse photoemission

energy
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Fig. 2: Spin-dependent quasiparticle spectral density (a,c) and experimental IPE

data (b,d) of the Z4 — Z,-transition in Ni for two temperatures T'/T¢ = 0.72 (a,b)
and 0.82 (c,d).
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Adaptive interpolation model

D, D Dy
) =a T | TN, = b
Y1 Y2 y3 YE

&1 &2 &3 e

f(@) = 15 (alE.E 7).

Model : M = M (E,§)
= _ p(M|I) /=
p(M|D,I)= . (5|I)p (BIM, 1)

p (DIM, I) /p 1M, 1)

/p(ﬁIM,I)p( |7, M, I) df

N (D — (g2
p(ﬁlz'i,M,I)= (Ha\}ﬂ) exp{—%z(Dz aJ:( z)) }

t )




Priors 1

p(M|I) = p (£1B, 1) p(E|I)

1

p(E|I) = N

choose p (€|E, I) =flat

b (b )E—2
7= [dez [ dts... [ depy =22
p (6B, 1) (AE)E-2 = (;’f )zE)_z( Ag)E-2

p(E+1LI) (BE-1)A¢
p (€1B,1) b—a
alternatively:
(E —2)! 1_[,_2 © [§i—1+ AE < &)

(€. 1) = (b—a—(E-1)A¢)F2



Posterior estimates

p (f] ,Eo,m,él)=/p(ﬁﬂ‘I5,Eo,a?,€I)dEy
=/p(f|D’E0’ga§a ,I)p(i[‘lﬁ,Eo,g,I)dE’y

p (ﬂﬁa EOagafag’ I) =9 (f_ S(.’B, g)g‘)
Bayes theorem:

p (mEOa E.a I)
p(DN)

(9 (F)) = [ 9(F) 2 (f1D, Bo, 3, 1) aPof

in particular

af)=f  g(f) =5

p (ﬁlﬁ, EO"'E.,E: I)

p(ﬁlﬁ,Eo,f,g,I) =



Priors 1l

p(GIM,I) = exp{-® (f(¥))}/Z2(M)
for a general quadratic log prior

p(f) = exp {—-'é\-fTAf'} /Z (N f)

- consistent with spline
b
b= / | f"|2d:1:
a

f® =Sg

p (FIM, A, ) = (2 ) * JdetsT ASexp{—%g’TSTASQ'}
T

p(¥IM,I) = fp(g‘lM, A I)p (M) dA
Jeffrey's prior

PO =5 = pOID = Zn~lee)

(a—=0,y—1)
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Broadening mechanismus

. incident beam energy

at Ep=2.6 MeV ~ 13 keV
. detector resolution at
E1 =2 MeV ~ 15 keV
~ 5 keV

. electronic noise

. detector solid angle, beam spot size,
finite film thickness ~ 3 keV

overall resolution 20.6 keV

D(E) = / f(E)A(E-E)dE
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D=Af+7, |
now: apparatus function A also noise cor-
rupted: A

2
p (BIf,A,5,1) = exp {—%Z (D,- - T aikfk) }/ZL

i )

p(DIf;A, 7,6 / dayp (AIA,5,1)p(DIA, f,5,1)

v
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measurement of measurement of
data D apparatus function A
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Convolution theorem

h(E) = / f(E") A(E - E') dE’

M™(h) = / E"h(E)dE = / EdE / f(E) A(E - E') dE’

n . "
LetB=E+y—E"= Y ())&
1=0

n
n . —.
M™(h) = 3 ()M (A)M"(£)
1=0
normalized functions, centred moments:

var(h) = var(A) + var(f)

let width of image f ~ o - (width of measu-
rement h),a < 1:

var(h) = var(A) + o?var(h)

width(4) > | 99860
width(h)

1l —ac =«

|
j= O

| 0.992,a
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E1 = f(E01 0, My, MA)
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